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FOREWORD

This report presents the postflight trajectory of the Saturn
AS-204/IM-1 vehicle from guidance reference release at Cape Kennedy
to S—IVB/iM—l separation which occurred in the vicinity of the Carnarvon
tracking station. Included in the report is an analysis of the powered
flight trajectory, orbital flight trajectory, the ballistic free flight
trajectory of the expended S-IB stage, and orbital effects of S—IVB
-passivation.

The trajectory determination and documentation were performed by
the Aerospace Physics Branch of Chrysler Corpération Space Division in
compliance with the work scope of contract NAS8-4016, Schedule II, Supple-
menﬁed Agreement MSFC-1, Amendment 87, BB Item 3.1.5-4-201, Part IV.

Acknowledgements are made to the personnel of Marshall Space Flight
Center, R-AERO-FFT, for their assistance and cooperation; and to the
Dynamics Programming Unit of CCSD Computer Services for their invaluable
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SUMMARY

The Aéollo Saturn Vehicle, AS-204/IM-1, was launched from Cape
Kennedy, Florida,at 5:48:08 P.M. EST on January 22, 1968. The primary
mission of this flight was to place the Lunar Module (IM-1) in an
elliptical earth orbit (85 by 120 mm) for ummanned tests of the space-
craft and subsystems operations. This report presents the AS—20L/LM—1
postflight trajectory from guidance reference release to S-IVB/IM-1
separation. The trajectory is presented in the earth-fixed plumbline,
space-fixed ephemeris, and geographic coordinate systems. Time histories
of trajectory parameters are given in tabular form; at 1.0 sec intervals
from guidance reference release to S-IB/S-IVB separation,’at 5.0 sec
intervals from S-IB/S-IVB separation to orbital insertion, and at 10.0
sec intervals from insertion to S-IVB/IM-1 separation. Some discussion
is given to the orbital conditions of flight through passivation (in-orbit
dump of propellants) of the S-IVB stage. Also included is a tabulation
at 10.0 sec intervals of the expended S-IB stage ballistic free flight
trajectory to impact.

The trajectory was established from data provided by external
electronic tracking systems and telemetered onboard data from the
ST-124M guidance platform. The postflight trajectory was very
close to the predicted nominal. At I-IVB/IH;I separation (3235.24 sec)
the vehicle had a space-fixed velocity of only 0.9 m/s (2.9 ft/s)
greater than nominal. The altitude, at this point, was 1.2 ln (0.6 mm)
lower than nominal and the fiight path angle was 0.005 deg less than
nominal.



1.0 INTRODUCTION

The Saturn IB AS-204/IM-1 vehicle was launched from KSC at 5:48:08
P.M. EST on January 22, 1968. The launch azimuth from Pad 37B was 90°
east of north. After liftoff the vehicle was rolled to a flight azimuth
of 72° east of north. The S-IVB stage and spacecraft (Lunar Module)
were placed into an elliptical earth orbit for test of the spacecraft
subsystems operations. Also a passivation experiment (fuel and 10X dump)
wés conducted with the S-IVB stage after separation from the spacecraft.

Tﬁis report presents the postflight mass-poipt reference trajectory,
;nd associated information, from guidance reference release (-4.956 sec)
to S-IVB/IM-1 separation (3235.242 sec). All times are referenced to the
established Range Zero of 5:48:08 P.M. EST, unless otherwise specified. Compar-
ison of this trajectory with the nominal ishgiven for some specific para-
meters as indications of vehicle performance. Reference 1 provides docu-
mentation of the nominal trajectory.  A1so presented in this report are
details of available tracking data, the data utilization, an error analysis,
| the orbital determination, and the S-IB stage ballistic free flight. Accom-
paning the discussion are figures and tables of the trajectory data in both -

the metric and English units of measure.

2.0 COORDINATE SYSTEMS AND LAUNCH PARAMETERS
The translational motion of the vehicle's center of gravity is
tabulated in three coordinate systems: earth-fixed plumbline, space-
fixed ephemeris, and geographic. These coordinate syst;;s conform to
the "Project Apollo Coordinate System Standards" and are defined in
Appendix‘A and graphically illustrated in Figure 1. The earth-fixed

plumbline coordinate system has its origin located at the launch site



on the reference eaith model. In the earth-fixed system, the vehicle's
center of gravity has an initial displacement of 34.5 m (113.2 ft) above
the reference ellipsoid. _

The representative model for the earth and its gravitational field
is the Fischer Ellipsoid of 1960. All latitude and longitude coordinates
are defined with respect to this ellipsoid.

The geographic coordinates and gravity data for launch pad 37B at

Cape Kennedy are:

Geodetic Latitude 28.531856 deg

Longitude 80.564953 deg

Acceleration of : 9.818 m/sec? (32.21 ft/sec?)
Gravity

Elevation above the reference ellipsoid are:
Base of Launch Pedestal 4,9 m (16.1 £t)
C. G. at First Motion 34.5 m (113.2 ft)

Azimuth alignments are:

e e i s e e

Launch Azimuth 90¢ B of N
Flight Azimuth 72° E of N
ST-124M Platform 72¢ E of N
Azimuth



3.0 POWERED FLIGHT TRAJECTORY ANALYSIS

3.1 Data Sources

Tracking data and telemetered guidance data were available from first
motion through insertion (S-IVB CO + 10 sec). The coverage of each track-
ing system is itemized in Table I and shown in Figure 2. The vehicle ground
track relative to the tracking stations is shown in Figure 3. The antenna
locations for the véribus tracking systems and the vehicle's center of
gravity versus time are shown in Figure 4. Comparison of each individual
tracking system with the reference trajectory is iilustrated in Figures 5
through 10 and discussed below. The metric comparisops are shown in Figures

5 through 7 and the measured parameter comparisons are shown in Figures 8

through 10.

3.1.1 ODOP

Data from the ODOP tracking system were available from first motion to
119 sec. ODOP was not used directly in the trajectory but was used in-
directly in the Final Launch Phase and MARLOCK computer pfograms(discussed in
section 3.2). Significant weighting influence was given to the XE and YE
components of the ODOP data in the MARLOCK trajectory solution. " Comparisons
between ODOP and the reference trajectory reveal maximum deviations of less
than 5 m (16 ft) in the XE and YE components. However, the ZE component
began to diverge at 28 sec and continued to a maximum deviation of 35 m
(115 ft) at the end of the ODOP track.

3.1.2 GLOTRAC Station I (Mark II Azusa)

Measured parameters and metric data received from GLOTRAC Station I

covered a time span of 52.3 to 410.0 sec. The GLOTRAC Station I range



daf.a were used in fhe MCK solution and deviations of the range from
the reference trajectory are negligible. The metric data were not used
in establishing the best estimate trajectory. However, comparisons
reveal deviationg from the reference trajectory of less than 25 m (82 ft),
65 m (213 ft), and 15 m (49 ft) in the XE, YE, and ZE components, respec-
tively.

3.1.3 GLOTRAC

Reduced metric GLOTRAC data were received from 23.0 to 552.9 sec.
These data were not incorporated in the reference trajectory because
of late arrival. The position and velocity data were very smooth and in
general the GLOTRAC data appeared to be of excellent quality. Comparisons
between GLOTRAC and the reference trajectory reveal maximum deviations of
35 m (115 ft) in the XE, 17 m (56 ft) in the YE and 5 m (16 ft) in the
ZE components.

3.1.4 Radar

Patrick (0.18) radar produced data from 23.0 to 541.0 sec. The quality
of these data was not as high as usually received from station 0.18. The
range data were extremely noisy and appeared to have a large bias. The
range and elevation data show a discontinuity at approximately 404 sec,
apparently caused by a switch from beacon to skin track. '

The Grand Bahama (3.18) radar produced a good set of tracking data
from 98.0 to 534.0 sec. The range data were in excellent égreement with
the reference trajectory and the elevation data contained an apparent bias
of less than 0.03 deg.. These data were given more weight than usual in
the MARLOCK Program.



The Grand Turk (7.18) radar data were available from 201.4 to ‘

604.0 sec. The measured parameter comparisons give an indication of a
larger than usual systematic error. The range deviation from the refer-
ence trajectory was greater than any of the other radars, with a maximum
deviation of app;oximately 70 m (230 ft) at end of track. However, the data
seem to be of goéd quality. The range data were smoothest of all the radar
data and the azimuth data revealéd deviations of less thén 0.02 deg.

Merritt Island (19.18) radar produced an excellent set of data from
9.0 to 380.0 sec. The maximum deviation in the azimuth angle data was
0.005 deg at the beginning of track and decreased at a linear rate to
0.002 deg at the end of track. The elevation data reveal a maximum
deviation of about 0.01 deg after 50 sec of flight. The range shows a
maximum deviation of approximately 10 m (33 ft).

There were two independent sets of radar data received from Bermuda;
one from the FPQ-6 and one from the FPS-16 instruments. Although data
points were received beginning at 11.0 sec (see Table I), useable data
did not begin until about 325 sec for the FPQ-6 and about 400 seconds for the
FPS-16. Both systems provided useable data through the remaining powered flight.
Both systems revealed the same deviation characteristics, from the refer-
ence trajectory, as shown in Figures 8 through 10. The peculiarity and
consistancy of deviations of both traqkers lead to the conclusion that
station location errors may exist. The FPQ;6 range measurement deviated
from the reference trajectory from a + 45 m (148 ft) to a -32‘m (-105 ft).
The angle deviations were less than 0.02 deg in azimuth and elevation.

The FPS-16 range measurement deviated from + 55 m (180 ft) to -12 m (-39 ft).
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The azimuth and elevation angle data from the FPS-16 did not appear to
be as good as obtained from the FPQ-6 angles. An assumed station
location error of 0.00034 deg longitude was applied as a correction to
the tracking site longitude. This resulted in a considerable reduction
of the range deviations for both the FPQ-6 and FPS-16 instruments, as
follows: The FPQ-6 range deviation was reduced to a spread of +16 m

(52 ft) to =16 m (-52 ft). The FPS-16 range deviation was reduced to

a spread of +28 m (92 ft) to -5 m 16 ft). Changing the station location
also virtually eliminated the humps in the FPQ-6 angle deviations and

greatly reduced the humps in the FPS-16 angle deviations.

3.2 Trajectory Composition (Powered Flightz

Tracking data from C-band radars, covering the major portion of

powered flight, were available for establishing the postflight trajectory.
The only data received from high precision tracking systems (in time for
utilization) were ODOP and GLOTRAC Station I. Telemetered guidance infor-
mation and measured meteorological data were also received and utilized

in the postflight trajectory determination.

The initial launch phése (from first motion to 28.0 sec) was estab-
lished by a least squares curve fit to the ODOP data in the Final Launch
Phase program (see Reference 2 for discussion of technique). From 28.0
sec to orbit insertion (603.34 sec), the trajectory was established by a
composite fit of the available tracking data. This composite fit is
often referred to as the best estimate trajectory, the reference postflight

trajectory, or the reconstructed trajectory.



The composite.fiﬁ.or best estimate trajectory is established through
the utilization of a computer program called MARLOCK. This program uses
telemetered guidance velocity data as the generating parameter to compute
a trajectory which will best fit the tracking data, yet retain the smooth-
ness of the guidance data. The guidance data can vary only in accordance
with an eighteen term error model and the variances assigned to each
error coefficient. The error coefficients are determined using the
' " K2'man linear filtering technique and applied to the telemetered guidance
data to produce the final smooth and continuous trajectory. Reference 3
gives a theoretical discussion of the MARLOCK program.

3.3 Powered Flight Trajectory

A comparison of actual and nominal times at some significant flight
events is presented in Table II. Altitude and surface range are graphi-
cally illustrated in Figures 11 and 12, respectively, for the entire
powered flight. Figure 13 is an illustration of the total inertial accel-
eration profiles for the S-IB and S-IVB stages. The magnitude of the total
earth-fixed velocity vector and the associated elevation angle, positive
above the local horizontal, are shown in Figure 14. The magnitude of the
space-fixed velocity vector and the angle between this vector and the local
horizontal plane are shown in Figure 15. The Mach mumber and dynamic
pressure parameters are shown during the S-IB powered flight in Figure 16.

The meteorological associated trajectory parameters were calculated
using measured meteorological data for the day of launch. The measured
data were furnished to an altitude of 62 km (33 mm). At this altitude
the Patriek AFB, 1963 standard reference atmosphere was merged with the
measured data.

§



Various trajectory parameters, such as altitude, surface range, and
velocity, are given at some significant flight event times in Table III.
The apex, loss of telemetry, and impact of the discarded S-IB stage are
also included in- Table III. Several trajectory parameters are compared
with nominal at thrust cutoff for the S-IB and S-IVB stages in Table IV,
Trajectory parameters, for the purpose of performance evaluation, are
compared to nominal in Table V for the S-IB/S-IVB separation event and
in Table VI for the S~IVB/IM-1 insertion and separation events. The
vehicle flight evaluation report, Reference 4, provides details of wehicle
subsystems performance. Tables VII through X present orbital trajectory
information which is discussed in Section 4.0 below. |

The actual postflight trajectory, from guidance reference release
to S-IVB/IM-1 separation is tabulated in both metric and English units
of measure in Tables XI through XVI. These tables present the trajectory
in the earth~fixed plumbline, space-fixed ephemeris, and geographic co-
ordinate systems. The data are tabulated at 1.0 sec increments from
guidance reference release to S-IB/S-IVB separation, continuing at 5.0
sec increments to insertion, and at 10.0 sec¢ increments from‘insertion
to S-IVB/IM-1 separation.

The actual trajectory was very close to the nominal, as reflected
in the previously mentioned tables wheré comparisons are made. The
velocity gain due to thrust decay between OECO and S»IB/S»iVB separation
amounted to 5.4 m/s (17.7 £t/s) which was 0.9 m/s (3.0 ft/s) less than
predicted, The velocity gain after S-IVB CO, due to thrust decay, amounted

to 6.8 m/s (22.3 ft/s) which was 0.7 m/s (2.3 ft/s) greater than predicted.



3.4 Error Analyses

| During the major portion of first stage powered flight, good coverage
was provided by ODOP, GLOTRAC Station I, and Merritt Island radar. These
three sets of data were the main data used in the MARLOCK prograﬁ during
this portion oi‘ the flight. The remaining powered flight trajectory was
reconstructed as a composite fit of all available tracking data, consisting
mainly of radar data.

The metric data from the ODOP, GLOTRAC Sf.ation I systems reveal good
agreement with the reference trajectory. The GLOTRAC data for this flight
appears to be of excellent quality. The maximum deviation between the
GLOTRAC and the reference trajectory was only 35 m (115 ft) in any component.
All metric data were smoothed, ‘dii‘ferentia'bed and transformed from the point
of track (antemna locations) to a common poin}. s, the vehicle's center of
gravity.

The measured parameter comparisons reveal the maximum range deviation to
exist in the Grand Turk (7.18) system,.which appears to be the result of a ’
large systematic error. With the exception of Grand Turk the largest range
deviation is 55 m (180 ft) in the Bermuda FPS-16 system. However, ‘compar-
isons after a change in the Bermuda longitude, as previously discussed,
reveal a maximum range deviation of 40 m (131 ft) which is in the Patrick
(0.18) system. The range and angle deviations of all the radars appear
to be biased, or show gystematic trends*that may be repreéen’oed by a
realistic error model. The comparison curves show only the trend of the
data relative to the reference trajectory. The dispersion of these data
and their analyses give an indication of the validity of the reference

trajectory.
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An estimate of the total uncertainty of the powered {light trajectory
is presented in Figure 17. At S-IB outboard engine cutoff the position
uncertainty is about 3C m (98 ft) and the velocity uncertainty is about
O.B\m/s (1.0 fﬁ/s). At S-IVB CO the uncertainties have increased to
about 200 m (656 f+) in the XE and ZE components and 250 m (820 ft) in
the YE component. The velocity uncertainties at S$-IVB CO have increased
to 0.5 m/s (1.6 £t/s) in the DXE and DZE components and 1.5 m/s (4.9 ft/s)

in the DYE component.

L.C ORBITAL TRAJECTORY ANALYSIS

4.1 Orbital Trajectory

| The AS-204 S-IVB/IM-1 vehicle was inserted into orbit at 22 hrs 58
min 11.34 sec U.T. (603.34 sec Range Time). Figure 18 is a ground projec-
tion plot showing the first two orbital revolutiSns. The orbital insertion
parameters for AS-204 were determined by a least squares differéntial correc-
tion procedure using C-Band radar orbital tracking data 6ver the first two
revolutions and by the insertion point established by the best estimate
powered flight trajectory.

The primary objective of the AS-204 flight was to provide tests of
the Lunar Module (I1M) subsystems. Also, a fuel and LOX dump experiment
with the S-IVB stage was planned following S-IVB/LM-1 separation. The
3-IVB/1M-1 separation occurred over Carnarvon at 3235.242 sec with the
S-IVB passivation period (fuel and 10X dump) beginning at 8774.31 sec and

ending at 9084.51 sec.

- 11 -



'A,2 Orbital Data Sources

Orbital tracking of the AS-204 vehicle was conducted by the NASA
Space Tracking and Data Acquisition Network (STADAN). This network
provided the C-Band radar data used in determination of the AS-204
orbital trajectory. A summary of the stations furnishing data for use
in determining the S-IVB 6rbital trajectory is presented in Table VII.
These data cover portions of the first four revolutions of flight.

Bermuda (FPS-16), Tananarive and Canary Island furnished tracking
data in the first revolution prior to S-IVB/IM-1 separation. California
was the only tracking site which furnished data during the first revolution
following S-IVB/IM-1 separation. Data for the second revolution was furni-
shed by Bermuda (FPS-16), Tananarive, California, Grand Bahama and Hawaii.
Tananarive and Ascension tracked the S—IVB'vehicle during the third and
fourth revolutions and California furnished some data in the third revolution.

4.3 Irajectory Analysis

The Orbital Correction Program (OCP) was used to provide solutioms for
the insertion conditions and orbital trajectory, utilizing orbital tracking
déta and representative orbital acceleration models. Solutions were made
using various»combinaﬁions of ; Bermuda (FPS-16) data at insertion, Tananarive
data in the early part of the first revolution (Rev 1), and Bermuda (FPS-16)
and Grand Bahama data in the early part of the second revolution (Rev 2).
Solutions were attempted incorporating all orbital tracking data received.
However, the four sets of data mentioned above provided the only reasonable
solutions. From the most reasonable solution, Table VIII provides a tabulation
of the number of observations and the root mean square (RMS) of the residuals

assoclated with each measured parameter.



Telemetered guidance accelerometer data were furnished to represent
the actual orbiting vehicle acceleration. These data were utilized in
orbital solutions even though there was a gap in the telemetered accelera-
tions from 1400 to 2600 sec, Range Time. Solutions weré also made by
adjusting the predicted orbital accelerations through pertubations of the
drag coefficient to compensafe for deviations between the actual and pre-
dicted data. The two methods resulted in compatible fits to the tracking
data.

Considering the reasonable OCP solutions and the agreement between
the orbital and powered flight solutions, the estimated uncertainty of
the insertion position and velocity components is no greater than quoted
at S-IVB CO in section 3.4, above.

The orbital trajectory from insertion to.S—IVB/IM—l separation was
obtained by initializing with the insertion conditions established by the
best estimate powered flight trajectory and integrating the equations of
motion. The adjusted acceleration data were used due to the large data
gap in the telemetered accelerations in this area of flight. This inte-
grated trajectory defined the orbital parameters at insertion and separation.
The orbital parameters of the S-IVB stage, subsequent to separation, were
computed by initializing at S-IVB/IM-1 separation and integrating the
equations of motion using the telemetered guidance accelergtions. The
orbital parameters at insertion, S-IVB/IM-1 separation, and at the beginning
of Rev 2 are presented in Table IX.

4., S-IVB Passivation Experiment

The scheduled S-IVB fuel and 1OX dump was initiated at 8774.31 sec and
terminated at 9084.51 sec. Radar tracking data were not available in the



area of the dump period. Therefore, the orbital parameters at the beginning
and end of passivation were calculated from an integrated S-IVB orbital
trajectory using the telemetered acceleration data. . The telemetered accel-
eration magnitu&e profile, during the passivation period, is shown in

Figure 19.

In addition to the actual S-IVB orbital trajectory; a theoretical
trajectory was initiated at the beginning of passivation and integrated
whrough thé dump period assuming nominal drag forces and no dump forces.
The orbital parameters at the end of passivation from this theoretical
trajectory are compared to the parameters computed from the actual S-IVB
orbital trajectory. This comparison, which reveals the effect of the
fuel and LOX dump on the S-IVB orbit, is presented in Table X. The effects
- of the fuel and LOX dump on the S-IVB altitude and space-fixed velocity
orbitihg profiles are shown in Figures 20 and 21, respectively. The solid
& line in these figures represent the actual S-IVB orbital trajectory. The

dashed line represents the theoretical (no dump) trajectory.

5.0 S-IB AND S-IVB STAGE FREE FLIGHT TRAJECTORIES

Three theoretical free flight trajectories were computed for the dis-
carded S-IB stage using initial condiéions at S-IB/S-IVB separation. The
trajectories were integrated from separation to impact using actual retro-
rocket performance and actual outboard engine decay data. 'The three tra-
jectories were calculated by assuming nominal drag coefficients for three
types of S-1IB stage free-flight conditions.- These three conditions for
the expendéd S-IB stage are: (1) stabilized at sero deg angle of attaék,
(2) a tumbling bod&, and (3) stabilized at 90 deg angle of attack. This
provides the following S-IB stage impact locations.

4

T



Drag Condition Impact Range - Impact Time

0 deg Angle of Attack 532,99 km (287.79 nm) 501.6 sec
Tumbling Body 523,64 ¥m (282.74 rm) 562.7 sec
90 deg Anéle of- Attack 517.81 km (279.60 rm) 604.5 sec

Radar tracking data were not available to confirm the results obtained.
However, on previous flights the tumbling drag case was ﬁroven to be close
to the actual tracking data. For thi; reason, the theoretical free-flight
trajectory utilizing the tumbling drag coefficient data is considered the
actual trajectory of the expended S-IB stage. .This ballistic free flight
trajectory is presented in tabular form in Table XVII (metric units) and
Table XVIII (English units). The ground track and impact are also shown _
in Figure 3.

The S-IVB expended stage remained in earth orbit, following S-IVB/LM-1
separation, for approximately 10 revolutions. Due to the lack of tracking
data during the final revolutions, the S-IVB free flight re-entry trajectory
was not camput;d. However, it is understood the S-IVB free flight will be
documented under a separate cover by R-AERO-FT of the Marshall Space Flight
Center.

6.0 GOVERNMENT FURNISHED DATA ‘
The Goverrment furnished data used to establish the postflight

trajectory of the AS-204 vehicle is tabulated in Table XIX.

- 15 «
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TABLE I
TRACKING DATA SOURCES AVAILABLE DURING POWERED FLIGHT

Data Source Interval(sec)
DOP 0.0 - 119.0
GLOTRAC Station I (Mark II AZUSA) 52.3 - 410.0
Patrick (0.18) Radar (FPQ-6) 23.0 - 541.0
Merritt Island (19.18) Radar (TPQ-18) 9.0 - 380.0
Grand Bahama (3.18) Radar (TPQ-18) 98.0 - 534.0
Grand Turk (7.18) Radar (TPQ-18) 201.4 - 604.0
Bermuda Radar (FPQ-6) | 11.0 - 278.0

28700 - 58300
592.0 had 650.0

Bermuda Radar (FPS-16) 11.0 - 278.0
28700 bl 583-0
592.0 - 650.0

GLOTRAC 23.0 - 552.9
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TABLE IT

TIMES OF EVENTS

Time (sec)

Event Actual Fominal Act-Nom
Guidance Reference Release - 4,956 ——— —
First Motion 0.20 0.20 0.00
L. 0. Signal (Umb, Disc.) 0.36 0.40 - -0.04
Mach One 59.76 60.18 -0.42
Maximue Dynamic Pressure 71.50 . 74..20 -2.70
IECO 138.97 139.34 -0.37
OECO 142,25 142,34 ~0.09
S-IB/S-IVB Separation (Signal) 143.50 143.64 -0.14
S-IB/S~IVB Separation (Physical) 143.57 143.72 -0.15
Guidance Initiation (IGM) 159.47 159.34 0.13
S-IVB €O 593.34 598.35 ~5.01
Orbit Insertion 603.34 608.35 - =5.01
S-IVB/IM Separation 3235.24 3235.20 0.04

Note: Actual times are referenced to Range Zero (5:48:08 P.M. EST). Nominal
times are obtained from Reference 1 and adjusted to the actual
0.2 sec first motion time,
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' TABLE VII

AVAILABLE ORBITAL TRACKING DATA

Stations Tracking Received

Rev 1 Rev 2 Rev 3  Rev 4
Bermuda (FPS-16) X X
Tananarive (FPS-16) X X X X
California (FPS=16) X X X
Canary Island (MPS-26) X ‘
Grand Bahama (TPQ-18) X
Hawaii (FPS-16) X
Ascension (FPS-16) : X X

Revolution 1 began at 603.34 sec Range Time
Revolution 2 began at 5901 sec Range Time
Revolution 3 began at 11198 sec Range Time

Revolution 4 began at 16487 sec Range Time



TABLE VIII

ORBITAL TRACKING UTILIZATION SUMMARY

Time of Track Data Valid RMS Error
Station - (Range Time in sec) Type Observations  of Residuals
Bermxda (FPS-16) Begin 604 AZ ‘25 0.009 deg
(Rev 1) .
Ed U8 EL 25 0.0l deg
RA 25 11 m (36 £t)
Tananarive Begin 2332 AZ 22 0.011 deg
(Rev 1) '
End 2464 EL 21 0.009 deg
RA 22 5m (16 ft)
Grand Bahama Begin 5824 AZ 42 0.007 deg
(Rev 2 ) .
End 6112 EL 43 0.013 deg
RA 47 6 m (20 ft)
Bermuda (FPS-16) Begin 6016 AZ 39 0.011 deg
(Rev 2)
End 6274 EL 41 0.021 deg
RA Ll 1 m (46 ft)
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